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An overview of recent measurements of electroweak and top quark physics is given. In particular, 
total and differential diboson cross sections, limits on anomalous triple gauge couplings as well as top 
quark production cross sections and properties, such as charge asymmetry, top quark polarization 
and Wtb vertex measurements, are presented. Proton-proton collision data produced at the LHC 
at y/s = 7 TeV and y/s = 8 TeV collected with the ATLAS detector are used. 



o 

(N 

>v 
c3 



(N 



X 

<D ■ 
i . 

Oh- 
D ■ 



> 
O 
m 



in 
o 



x 



I. INTRODUCTION 

Diboson and top quark production measurements at 
the Large Hadron Collider (LHC) allow to test the elec- 
troweak sector of the Standard Model (SM) to high preci- 
sion. Diboson production is a significant and irreducible 
background to Higgs production and it is sensitive to 
the production and decay of new particles predicted in 
models with extended Higgs sectors, extra vector bosons, 
extra dimensions or models such as Supersymmetry and 
Technicolor. Furthermore, diboson production allows to 
probe, in a model-independent way and at unprobed en- 
ergies, triple gauge boson couplings which are a funda- 
mental prediction of the non-Abelian SU(2)xU(l) gauge 
structure of electroweak theory. The top quark, produced 
in abundance at the LHC, is the heaviest fundamental 
SM particle and has a large coupling to the Higgs boson. 
Due to its extremely short lifetime, the top quark decays 
before it hadronizes and allows one to probe many inter- 
esting properties related to its production and decay. 

The measurements presented here use proton-proton 
collision data produced at the LHC at centre of mass en- 
ergies of y/s = 7 TeV and yfs~ = 8 TeV in 2011 and 2012, 
respectively, and collected with the ATLAS detector [l|. 
The integrated luminosities used for the various analyses 
are maximally 5 fb" 1 and 20 ftr 1 for 7 TeV and 8 TeV 
data, respectively, or subsets thereof. 



II. ELECTROWEAK RESULTS 



and imperfect efficiency. The differential cross section re- 
sults are shown in figure [TJ Good agreement is seen with 
multi-legleading order (LO) generators Alpgen Q and 
Sherpa [4[ for the inclusive and exclusive descriptions. 
The next-to-leading order (NLO) MCFM [j| inclusive 
prediction underestimates the data as multiple quark and 
gluon emission is not accounted for in the implementa- 
tion. Normalised unfolded differential cross sections are 
also given as a function of jet multiplicity as well as di- 
boson transverse invariant mass m^T 7 or invariant mass 
m Zl in the W"f or Z7 case, respectively. The latter two 
distributions are used to set limits on technicolor models. 

The W + W~ total production cross section is measured 
using l+vi~v final states using the full 7 TeV dataset jaj. 
A jet veto is applied to suppress background contribu- 
tions and represents the main systematic uncertainty in 
this measurement. The total W + W~ cross section is 
measured to be 

ct^V = 51.9 ±2.0 (stat)±3.9 (syst)±2.0 (lumi)pb (1) 

which is compatible with a SM prediction of er^ 1 ^ — 
44.7^' gpb. Normalised unfolded differential cross sec- 
tions are measured as a function of the leading lepton 
transverse momentum j»t spectrum. 

The W^Z production cross section is measured at 
7 TeV 7] and 8 TeV @ using final states with three 
charged leptons and large missing transverse momentum. 
The total production cross section results are 

owz = 19.0±i | (stat) ± 0.9 (syst) ± 0.4 (lumi) pb (2) 



A. Diboson cross sections 

W7 and Zj production cross sections are measured 
at 7 TeV as a function of the photon transverse energy 
Ej, 0. Final states with leptonic decays of the mas- 
sive gauge bosons are used. Both inclusive and exclusive 
cross section measurements are performed, where the lat- 
ter requires a jet veto for all jets with Et > 30 GeV. The 
data are unfolded to correct the measured values for de- 
tector effects such as limited acceptance, finite resolution 
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20.3t°;? (stat)l^ (syst)+°;£ (lumi) pb 
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for 7 TeV and 8 TeV, respectively, and are in good agree- 
ment with SM predictions of cr^} 1 ® = 17.61^'Jpb and 
o-NLO _ 20.3 ± 0.8 pb, respectively. For 7 TeV data, nor- 
malised unfolded differential cross sections are measured 
as a function of the Z boson p z , shown in figure 2 (a) and 
as a function of the diboson invariant mass mwz- The 
non-unfolded mwz distribution in 8 TeV data is shown 



in figure 2(b) 



The total ZZ production cross section measurements 
are performed for 7 TeV [9] and 8 TeV [nj data. The 
results are 



tot 
a ZZ 



6.7 ±0.7 (stat)^ 



syst) ± 0.3 (lumi) pb (4) 



2 



til" 



1CF 
10 r 

1 1- 

10"' 
10 2 



- -a>- -a- - 



ATLAS 

J Ldt = 4.6 fb" 1 
Vs=7T9V 

| Dala2011 (Inclusive) [ 
-e — SHERPA x 1.0 (Inclusive) 
-A— ALPGEN x 1.5 (Inclusive) 
-B — MCFM (Inclusive) 



- — 

- [B 
* » I 

] Data 2011 (Exclusive) 

- SHERPAx 1.0 (Exclusive) 

- ALPGEN x 1.5 (Exclusive) " 

- MCFM (Exclusive) 



I ____i)__±__ 



-<trir 



♦ ♦ ♦* n 



60 100 1000 

E| [GeV] 



(a) 



10 2 
10 

1 

10" 1 
10 2 
10" 3 



• IS 



r ATLAS 

jLdt- 4.61b' 

Vs=7TeV pp —J ITy 
I | Dala2011 (Inclusive) | | Data2011 (Exclusive) 

— 6 — SHERPA x 1.0 (Inclusive) » SHERPA x 1.0 (Exclusive) 

— B — MCFM (Inclusive) — ■ — MCFM (Exclusive) * 



100 1000 
E\ [GeV] 



(b) 



FIG. 1. Inclusive and exclusive differential cross section mea- 
surements as a function of photon transverse energy for (a) 
W(-> e ± v)~f and (b) £ + r)-y production 0. 



tions of aff 



5.89™ pb and aff = 7.2t°j>pb, 
respectively. For the 7 TeV measurement, £ + £ l + £ and 
l + l~vv channels are used, the former can have off-shell 
bosons. Normalised unfolded differential cross sections 
are measured as a function of the leading Z boson pr, 
the difference in azimuthal angle between the two leptons 
from the leading Z boson decay Acf>(££) and the diboson 
invariant mass m zz or transverse invariant mass m zz 
for the ZZ ->• £+£-£+£- and ZZ -> l+trvv channels, 
respectively. For the 8 TeV result, only the l + l~£ + £~ 
channel with on-shells bosons is considered. The mass 
distribution of the leading and subleading Z boson can- 
didates is shown in figure [3] 

As higher statistics datasets are recorded, it is possible 
to measure semileptonic diboson decays. The combined 
WW/WZ —t £vjj production cross section is measured 
using the full 7 TeV dataset [ll|. This is a challenging 
measurement particularly at the LHC as the backgrounds 
grow much faster than the signal compared to the Teva- 
tron. This means that the signal is dominated by large 
W/Z+ jets backgrounds. The cross section is extracted 
with a binned maximum likelihood fit to the dijet mass 
distribution rrijj shown in figured] The observed signal 
significance is 3.3c. The measured cross section is 

dww+wz = 72 ± 9 (stat) ± 15 (syst) ± 13 (MC stat) pb 

which is in agreement with the SM prediction of 
°ww+wz = 63 - 4 ± 2.6 pb. 



B. Anomalous triple gauge coupling limits 



a ^ | = 7.1+0-5 ( s tat) ± 0.3 (syst) ± 0.2 (lumi) pb ^ The model-independent effective Lagrangian for 

charged and neutral anomalous triple gauge boson cou- 
for 7 TeV and 8 TeV in agreement with SM predic- plings (aTGC) can be expressed as 



Cwwv — igwwv 
e 



£zzv 
£-z-iv 



Mf 



•w 



fY(d„V^)Z a (d a Z ) + fl(d°V at2 )Z^Z p ) 



{U+ f v) V v + hXF^Z^ n + m ^ 



m~, 



It) r 



dadnVy 



(7) 
(8) 

(9) 



where V = Z, 7 and = dpV v - ft/V M . The WWV ver- 
tices are allowed in the SM whereas the ZZV and Z-fV 
vertices are not. In the SM, g\ and k v are equal to 
one whereas all other couplings vanish. The presence of 
aTGCs gives a change in the production rate and is vis- 
ible in the distributions of different kinematic variables. 
Sensitivity is gained by using shape distributions to set 
one and two dimensional limits on the aTGC parameters. 
For Wj/Zj production the exclusive distribution is 



used to set limits whereas for WW the leading lepton 
Pt, for WZ the Z boson pt and for ZZ the leading Z 
boson pt distributions are used. The 95% C.L. observed 
limits from the various channels are summarised in ta- 
bles U - IIIII No deviations from the SM are observed. 
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FIG. 2. (a) The unfolded p T distribution in 7 TeV data 0|. (b) The non-unfolded mwz distribution in 8 TeV data 
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TABLE I. Observed aTGC limits at the 95% C.L. without a form factor from Wj, WW and WZ production [HEQ]. 
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FIG. 3. The invariant mass distribution of the leading Z 
boson candidate as a function of the invariant mass of the 
subleading Z boson candidate [lOj]. 
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FIG. 4. The background subtracted dijet invariant mass dis- 
tribution in iuj j ca ndidate events for the sum of electron and 
muon channels [ill ]. 



Process fj x 10 2 /f x 10 2 / 5 7 x 10 2 fj x 10 2 
~~ZZ [-1.5,1.5] [-1.3, 1.3] [-1.6, 1.5] [-1.3, 1.3] 



TABLE II. Observed aTGC limits at the 95% C.L. without a 
form factor from ZZ production 



Process hi x 10 2 /if x 10 2 hj x 10 5 hf x 10 5 
Z7 [-1.5,1.6] [-1.3, 1.4] [-9.4,9.2] [-8.7, 8.7] 



TABLE III. Observed aTGC limits at the 95% C.L. without 
a form factor from Z^ production Q. 



III. TOP RESULTS 

A. Cross sections 

At the LHC, single top quarks are produced through 
three main electroweak interactions, ^-channel and s- 
channel production as well as production in association 
with a W boson. An 8 TeV measurement of the sin- 
gle top production cross section is performed using the 
i-channel, which is the dominant process Events 
with semileptonic top quark decays are considered. The 
cross section is extracted using a neural network based 
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discriminant in the two and three jet bins. The main 
background contributions are from VF+jets, QCD multi- 
jet and other top quark production. The measured cross 
section is 



a t = 95 ± 2 (stat) ± 18 (syst) pb 



(10) 



which is in agreement with the approximate next-to- 
next-to-leading order (NNLO) prediction of a. 



HI 13 • The measured and predicted cross 



NNLO 



+3.4 



87.8 

sections can be seen as a function of \fs in figure 5(a) 



1.9 P b 



The coupling strength of the Wtb vertex, accessible in 
this production channel, is measured using the ratio of 
the measured to the predicted cross sections. Assuming 
\Vtb\ 3> \Vts\i \ Vtd\, the limit on the CKM matrix element 
is V t b — whereas assuming V tb < 1 gives a 95% 

C.L. lower limit of \V tb \ > 0.80. 

Top quark pairs (tt) are mainly (~ 80%) produced 
through gluon-gluon fusion at the LHC. The tt inclu- 
sive production cross section is measured using 8 TeV 
data [l5[. Events where one W boson decays leptoni- 
cally and one hadronically are used. The analysis re- 
quires three or more jets with at least one ^-tagged jet. 
A multivariate likelihood template fit is used to extract 
the cross section, which is shown as a function of yfs in 
figure [5(b)] The 8 TeV measurement has a larger uncer- 
tainty compared to the 7 TeV measurements due to less 
aggressive Monte Carlo signal modelling uncertainties. 
The measured cross section is 



er if = 241 ± 2 (stat) ± 31 (syst) ± 9 (lumi) pb (11) 



compared to a pre dicted cross section at the approximate 
NNLO 0, M 111 of ct£ nlo 



238t?4 P b. 



-24 1 

Unfolded differential tt cross sections are measured rel- 
ative to the inclusive production cross section as a func- 
tion of the invariant mass, the j»t and the rapidity of the 
tt system, which is fully reconstructed using a kinematic 
likelihood fit method |19| . tt production is an impor- 
tant background for new searches. Semileptonic events 
with one lepton in the final state are selected. These 
measurements, which are dominated by systematic un- 
certainties, are useful because they are sensitive to wide 
resonances and QCD radiation. Using the same produc- 
tion channel, the unfolded jet multiplicity is measured 
for different jet px thresholds ranging from 25 GeV to 
80 GeV [20] . The distributions allow to constrain models 
of initial and final state radiation and to test perturbativc 
QCD at the LHC. The jet multiplicities are shown in fig- 
ure [6] for data and different simulations. Some generator 
simulations are disfavoured by the data as for example 
the MC@NLO prediction, which consistently estimates a 
lower number of jets. 



B. Properties 

1. Charge asymmetry 

Top quark pair production is expected to be symmet- 
ric under charge conjugation at leading order in QCD. 
However, NLO corrections to the qq — > tt process in- 
troduce small asymmetries in the rapidity y distribu- 
tions of the top quarks. Since the Tevatron was a p-p 
collider, this charge asymmetry was clearly visible as a 
forward-backward asymmetry as the t quark is prefer- 
entially emitted along the p direction and the t q uark 
preferentially along the p direction. Both CDF 2l| and 
DO [22| reported observed shifts that are larger than the 
expected shifts. At the LHC the problem is slightly differ- 
ent since the initial state is symmetric. Experimentally, 
this translates into a more forward y distribution for the t 
quark than for the i quark. This can be explained by the 
same fact as mentioned earlier that t quarks are on aver- 
age emitted mostly along the q direction and that quarks, 
in the case of a proton, generally carry more momentum 
than antiquarks. Unless specific cuts are applied, the 
LHC is therefore more sensitive to the width of the y dis- 
tributions than to the mean. The charge asymmetry in 
tt events is defined as 



.4 



c 



1 N(A\y\ >Q) 

2 N(A\y\ > 0) 



N(A\y\ <0) 



AT(A|y| <0) 



(12) 



where A\y\ — \y t \ — \yt\ is the difference in absolute top 
and antitop quark rapidities. To compute this Ac frac- 
tion, the number of events with positive and negative 
A\y\ values are measured and the charge of the quarks is 
deduced from the charge of the lepton produced in the 
t or t quark decay. This has been measured in ATLAS 
in the single and dilepton channels. A combination of 
the two channels has been performed [23| and the charge 
asymmetry factor is measured to be 

A c = 0.029 ± 0.018 (stat) ± 0.014 (syst) (13) 

which is compatible with the MC@NLO prediction of 
A c = 0.006 ±0.002 [H]. 



2. Top quark polarization 

The short lifetime of the top quark allows one to mea- 
sure its polarization directly from its decay products, 
which carry the full spin information that has not yet 
been degraded due to hadronization effects. The top 
quark polarization is measured for tt events in the lep- 
ton plus jets channel (25[. The top quark pair is fully 
reconstructed using a likelihood method. The fraction of 
positively polarised top quarks can be written as 



_ 1 N{cos0 l > 0) - N (cos 9i < 0) 
* p ~ 2 + N(cos6i > 0)+N(cos9 l < 0)' 



(14) 
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FIG. 5. Measurements of (a) single top and (b) tt [la. Il8j production cross sections as a function of centre of mass energy. 
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FIG. 6. Jet multiplicities for jet pt values greater than 
40 GeV in the muon channel. The data points, in black 
with statistical uncertainties, are compared to different MC 
predictions. The blue shaded bands represent the combined 
statistical and systematic uncertainties [20| . 
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3. W boson polarization 



where 8i is the polar lepton angle in the parent top quark 
frame. A template fit to the reconstructed cos 9i distri- 
bution in data, shown in figure [?l is used to extract this 
polarization fraction. The measured value is 



fp 



0.470 ±0.009 (stat)+°;°32 (syst) 



(15) 



which is in agreement with a SM expectation of unpo- 
larised top quarks equivalent to f p = 0.5. 



Top quark pair events can probe the Wtb vertex which 
is defined by the V — A structure of electroweak interac- 
tions. This decay vertex determines the helicity states of 
the produced W boson, which can be in three different 
helicity states. The Fq, Fl and Fr helicity fractions mea- 
sure the fraction of longitudinally polarised, left-handed 
or right-handed helicity states, respectively. The NNLO 
QCD predictions [26| for these helicity fractions are 



F = 0.687 ±0.005 
F L = 0.311 ±0.005 
F R = 0.0017 ±0.0001. 



(16) 
(17) 
(18) 
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Experimentally, these helicity fractions can be measured 
through template fits of the cos 9* distribution, where 8* 
is the angle between the lepton from the W boson decay 
and the reversed b quark direction in the rest frame of 
the W boson. ATLAS and CMS data produced at 7 TeV 
have been used to derive combined measurements of the 
W boson helicity fractions [13, [Hf . The results are 

F = 0.626 ± 0.034 (stat) ± 0.049 (syst) (19) 
F L = 0.359 ± 0.021 (stat) ± 0.028 (syst) (20) 
Fji = 0.015 ± 0.034 (stat + syst) (21) 



where Fr is derived from the Fa and Fl measurements 
by assuming that Fq + Fl + Fr = 1, 



This measurement can also be used to set limits on 
anomalous Wtb couplings using an effective Lagrangian 
approach. The form of the Lagrangian for the Wtb vertex 
is lH 



C 



V2 



^{VlPl + V R P R ) 



mw 



-(9lPl + 9rPr) 



tw: 



h.c. 



(22) 



where Vl — Vtb ~ 1 and Vr — while gr, and gR, the 
anomalous coupling parameters on which the limits will 
be set, vanish at tree level in the SM. Assuming that the 
imaginary parts of all couplings are zero, the 68% and 
95% C.L. limits are set on the real part of gz and gR, 
Re(<7i) and Re(<?fl), and the two dimensional representa- 
tion of these limits can be seen in figure El The region 
around Re(gR) is not excluded by the data used in this 
analysis but it is disfavoured by single top cross section 
measurements. 
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FIG. 8. Allowed 68% and 95% C.L. regions of the anomalous 
Wtb coupling parameters assuming Vl = 1 and Vr = [27l . 

mm. 



4- Search for CP violation 

A further test of the Wtb vertex is possible through 
a search for CP violation using the single top i-channel, 
where the top quarks are expected to be highly polarised, 



with lepton plus jets final states [3l|, |32[. A forward- 
backward asymmetry factor, Apb, with respect to the 
normal to the plane defined by the W boson momentum 
and the top quark polarization direction is measured to 
be 



A FB = 0.31 ± 0.065 (stat) (syst) 



(23) 



which is consistent with CP invariance for which j4fb = 
is expected. The result is used to set the first exper- 
imental limits on the imaginary part of the anomalous 
coupling parameter gR. The 68% and 95% C.L. limits 
on Im(<?fl) are shown in figure [9] as a function of the top 
quark polarization. If a top quark polarization of 0.9, 
which is the theoretical prediction, is assumed, the ob- 
served limits on lm(g R ) at the 95% C.L. are [-0.20, 0.30] 
in agreement with the SM. 
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IV. SUMMARY 

Recent electroweak and top measurements, based on 
7 TeV and 8 TeV data collected with the ATLAS detec- 
tor in 2011 and 2012 respectively, have been presented. 
Fiducial and total diboson production cross sections have 
been measured and are mostly dominated by systematic 
uncertainties. Limits on aTGC parameters have been set 
in many channels and surpass the precision of the Teva- 
tron results. The first normalised unfolded differential 
diboson cross sections have been measured and are sta- 
tistically dominated. Single top and tt production cross 



sections have been measured using 8 TeV data and differ- 
ential tt cross sections have been measured using 7 TeV 
data, all of which are systematically dominated. Preci- 
sion measurements of different properties related to the 
production and decay of the top quark have been pre- 
sented. No significant deviations from SM predictions 
have been found in any of these measurements, many 
of which still need to be repeated with the full 8 TeV 
datatset. The presented measurements are crucial mile- 
stones for the understanding of Higgs boson production 
and searches for new physics. 
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